Increasing numbers of people with diabetes are adopting exercise programmes. Fear of hypoglycaemia, and hypoglycaemia itself, are major issues for many people with diabetes undertaking physical activity. The risk of hypoglycaemia is exacerbated by endurance exercise. In addition, soft tissue injuries are more common in people with diabetes.
Introduction
Increasing numbers of people with diabetes are adopting exercise programmes. 1 Evidence for the benefits of regular physical activity in many conditions including diabetes is well known, and has been found to be related to reduction in all-cause mortality, improved cardiorespiratory and metabolic health, and reduction in risk of certain cancers. 2, 3 People who are moderately active are at a 35-50% lower risk of developing type 2 diabetes than those who are sedentary. 4 Even where fitness is not changed by regular physical activity, improvements in metabolic parameters and insulin sensitivity can be seen. 5 Indeed, it is recognised that low mood and depression are more common in diabetes, and exercise has been shown to improve mood and subjective well-being. 6, 7 Less studied but equally important are the non-tangible benefits from taking part in physical activity and sports -satisfaction, camaraderie and friendship.
Challenges arise for people with diabetes during physical activity in matching insulin delivery with insulin requirements to enable provision of metabolic substrate to exercising muscles. 8 People with diabetes and those trying to support them are often reliant on anecdotal or trial-and-error methods of management, although expert consensus advice has recently been published. 9 Fear of hypoglycaemia and hypoglycaemia itself are major issues for many people undertaking physical activity who take insulin or oral agents that stimulate beta-cell activity. 10 The risk of hypoglycaemia is exacerbated by endurance exercise because levels of exogenously administered insulin do not fall on commencement of exercise, as occurs in a person without diabetes. 11 As glucagon levels are unchanged there is an altered hepatic glucagon to insulin ratio. This results in increased exposure to insulin which can reduce hepatic glucose production so that the COPYRIGHT © 2018 JOHN WILEY & SONS glucose demands of exercising muscle are not met and the risk of hypoglycaemia increases greatly. 1 Contrastingly, short bouts of intense 'anaerobic' exercise in people with type 1 diabetes can result in hyperglycaemia. The usual insulin rise seen in post-anaerobic exercise does not occur in those with diabetes, with resultant hyperglycaemia. 12 We have previously shown that in a real-time endurance multi-day cycling event, large reductions in insulin dose were required to prevent hypoglycaemia and the associated decrease in exercise performance. 13 Of particular interest was the psychosocial response to the ride. Words used to describe periods of hypoglycaemia which had affected the riders' performance were: 'frustrated', 'angry', 'grumpy', 'upset' and 'emotional', reflecting the negative feelings attributed to hypoglycaemia.
In addition to glycaemia-related concerns, people with diabetes are more likely to suffer soft-tissue injuries associated with physical activity. 14 Adhesive capsulitis of the shoulder is five-times more common in people with diabetes; although the aetiology remains unclear, it appears to be caused by a combination of increased pro-inflammatory mediators and changes in the microstructural organisation of collagen fibres. 15 With people becoming increasingly active, they are more likely to sustain musculoskeletal injuries: a barrier to their ongoing participation in regular exercise.
We previously conducted an audit of consecutive, non-selected patients with diabetes in a specialist clinic. Fifty-five patients completed the audit proforma, totalling 788 years of diabetes experience (median 13 years' duration).
Of these, the majority (45 out of 55) had type 1 diabetes and 50 took insulin. Thirty-eight people (70%) undertook regular exercise. Of those who did regular exercise, examples of suggestions in response to the question 'Is there anything we (in the diabetes clinic) could do to help?' reveal that many people with diabetes have unmet needs and educational requirements surrounding exercise and physical activity. (See Box 1.)
Currently, there is a wide range of exciting and innovative research into diabetes and exercise, incorporating novel strategies, such as the use of caffeine supplements through to tailored physical activity programmes. To the best of our knowledge, however, there are no specialised multidisciplinary teams (MDTs) providing holistic care to cater for the needs of people with diabetes who wish to undertake any form of physical activity.
We established the Imperial Physical Activity and Diabetes (IPAD) clinic in 2015 and present our initial results. A multiprofessional approach was adopted to assess specific barriers to the individual and the desired physical activity programme in order to devise strategies to address: nutritional intake; glucose monitoring in different modalities; insulin adjustments; and education to support decision making. Our goals are to develop confidence in managing blood glucose before, during and after exercise, diagnose and treat injuries, improve mood, and reduce fear of hypoglycaemia, in order to facilitate continuation of physical activity in this patient population.
Methods
The multidisciplinary IPAD clinic runs for one afternoon each month, seeing up to six patients. Patients are referred from existing clinics within Imperial College Healthcare NHS Trust or by their general practitioner (GP). Each clinic is preceded by a meeting of the MDT members to discuss the new patients and consider what interventions may be beneficial. Our goals are to: reduce activity-associated hypoglycaemia; improve metabolic parameters (if possible); overcome barriers to exercise (such as fear of hypoglycaemia); and positively impact on diabetes-related distress through empowering enhanced self-management of diabetes before, during and after physical activity.
The following health care professionals take part in the physical activity clinic: • Diabetes consultant: explain and advise on management of blood glucose, prevention of hypoglycaemia; insulin and medications; interpretation of continuous glucose monitoring (CGM); clinic lead.
• Sports & exercise medicine consultant: management and prevention of injuries; exercise prescription.
• Diabetes specialist nurse: supporting insulin and injectable therapy use; self-monitoring, management of CGM devices.
• Diabetes dietitian: 1:1 nutritional advice, management of carbohydrate and insulin around exercise; advice on weight control strategies.
• Radiology consultant: diagnosis and management of soft tissue injuries.
• Psychologists: managing barriers to physical activity.
We aim to contact our patients by telephone or email prior to their initial appointment to ensure a convenient clinic time and date, and explain the aims and processes 18 The predominant activity undertaken by our patients has been running, but includes cycling, swimming, football, gym (weights, classes, high-intensity training, Crossfit, spinning), boxing, rugby, tennis, golf, squash, badminton, and hill walking. No-one has yet been directly referred for psychological support; however, a few of our patients have utilised this service through other clinics. The 18 follow-up appointments included two people followed up on two occasions. Of the 16 people having a first follow-up appointment, eight were for glycaemia management, six musculoskeletal issues and two for both. Diagnostic CGM was requested for one person and imaging for five people. The musculoskeletal diagnoses predominantly affected the large joints -shoulder, hip, and knee, and are listed in Table 1 .
For those with PAID data at initial and first follow-up appointments, five had improved and five were worse ( Figure 1) ; however, the magnitude of the changes was not statistically significant (p=0.43). and diabetes clinic to empower, educate and enable people with diabetes to manage their blood glucose when they undertake physical activity. We utilise the skills and expertise of a consultant diabetologist, a consultant in sports & exercise medicine, a diabetes specialist nurse with expertise in diabetes technology, and a diabetes dietitian with an interest in running. We have access to diagnostic and therapeutic radiology and psychology services. We aim to provide a comprehensive approach to diabetes management and provide enhanced self-management care in the context of carefully-planned physical activity recommendations. Setting up a multidisciplinary clinic like this is not without challenges. We are fortunate that our job plans have the flexibility to allow us to run the clinic regularly and for the support of our colleagues. Our future challenges are to secure funding for all clinic staff (at present one is paid for by the Ministry of Defence, one is in research and one does the clinic without direct remuneration). We do not have administrative support, so contact with patients to book clinic timeslots and change appointment times is done by the clinical staff.
Discussion
Our outcome measures are rudimentary and, although this clinic has demonstrated potential, proving the efficacy and value of the clinic is difficult. We do not have direct access to physiotherapy at present, necessitating patients to return to their GPs for this which we feel is cumbersome and inefficient. We have limited access to CGM for this clinic.
Although exercise is important to many people (with and without diabetes), determining the effectiveness of an intervention to assist diabetes management in those undertaking physical activity is difficult and may not be reflected in outcome parameters that are routinely measured in clinic or in diabetes trials, for example: • HbA1c may not reflect the improved empowerment or being able to exercise (relatively) free from fear of hypoglycaemia.
• Change in body mass or body composition may not be the primary objective of exercise.
• Frequency of hypoglycaemia can be difficult to record and may not reflect time spent in hypoglycaemic range.
While it is possible to measure glucose excursions by utilising continuous glucose monitoring, CGM is not always widely available and cannot assess the stress, frustration and uncertainty that exercising in the presence of exogenous insulin can entail. The change in PAID scores between initial and follow-up IPAD clinic appointments does not suggest overwhelming success; however, it is important to highlight that the sample size was small (n=10) and that PAID is a generic assessment reflecting distress in all areas of life and is not specific to physical activity. Further extrapolation of these limited results seems unwarranted. Although a validated questionnaire looking at barriers to physical activity exists, it looks at reasons why some people with diabetes do not exercise; it does not capture the difficulties encountered by people with diabetes who are currently exercising and are suffering with injuries or have become frustrated by glycaemic variability. 10 Therefore, a comprehensive assessment that is both reflective of, and responsive to, the factors that are important to people with diabetes undertaking physical activity is required.
In the future, we intend to undertake systematic work to show the clinical and cost effectiveness of the clinic. We hope, with time and adequate infrastructure, that patients could self-refer themselves to the clinic. This would remove the need for them to be seen and assessed by GPs for issues that even we, who deal with these conditions daily, often find challenging. The future model of clinic that we hope to provide could encompass: • Self-referral via an online booking system.
• Completion of diabetes and physical activity questionnaires, as well as patients' goals and expectations prior to clinic.
• A one-stop-shop which enables assessment by the core clinic team, with on-the-day access to physiotherapy and radiology services.
• Follow-up questionnaires and a clinic letter to be electronically sent to patients detailing the agreed management strategy.
If we can secure appropriate funding or support, we will invest in diabetes technology that will help us to address issues relating to glycaemic variability and hypoglycaemia associated with physical activity. If patient numbers increase, we will aim to increase the frequency of the IPAD clinic to twice monthly.
In summary, physical activity is important for cardiovascular risk reduction in individuals with diabetes. It is associated with improved quality of life and decreases in distress levels in a number of populations. We have established a new multidisciplinary physical activity and diabetes clinic aiming to: develop confidence in managing blood glucose before, during and after exercise; improve mood and reduce fear of hypoglycaemia; and minimise or address barriers to physical activity in this subset of patients.
The Imperial Physical Activity and Diabetes clinic can be contacted at: imperial.physical. activity.diabetes@nhs.net.
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Key points
• Physical activity can be challenging for people with diabetes • A dedicated multidisciplinary clinic can be established to support people with diabetes to undertake physical activity • Issues relating to glycaemic management and soft tissue injuries predominate • Outcome measures pertaining to sport and exercise that matter to people with diabetes are lacking
